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(54) High voltage semiconductor device 

(57) A semiconductor device comprises an active 
area with a voltage termination structure located adja- 
cent to the active area at an edge portion of the device. 
The edge portion comprises a substrate region (12) of a 
first semiconductor type. The voltage termination struc- 
ture comprises at least one first termination region (11) 
of a second semiconductor type, the or each first termi- 
nation region having at least one of either second and 
third termination regions (11a, 11b) of third and fourth 
semiconductor types located at substantially opposing 
edges thereof. The second and third termination 
regions (11a, 11b) respectively have a higher semicon- 
ductor doping concentration than the edge portion sub- 
strate region (12) and a lower semiconductor doping 
concentration than the first termination region(s) (11). 
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Description 

[0001] This invention relates to a semiconductor device, and in particular to a high to ultra-high voltage device such 
as a diode, a DMOSFET. a DMOS IGBT, a MOSFET or a trench IGBT 

[0002] In order to prevent voltage breakdown at the edges of a high voltage semiconductor device, the device 
(which IS typically built in a relatively large silicon wafer) is provided with a termination structure. A standard termination 
structure utilises a floating ring termination technique having, say, p-type regions (rings) in a surface layer surrounding 
the active region (of n-type material) of the device. 

[0003] A typical prior art floating ring temnination structure is shown in Rgure 1 . The termination structure includes 
a pluralrty of p+ floating rings 1 formed in a n> base layer 2. The rings 1 are formed just below a passivation layer 3 in 
the form of a surface field oxide layer, and in general alignment with a p- base 4 and a cathode 5 of the active area (not 
shown) of the semiconductor device associated with the terrnination structure. At the extreme edge, the termination 
structure has a field plate 6 and a channel stopper*?. 

[0004] The purpose of the p+ floating rings 1 is gradually to release the depletion region, and thus the potential 
lines from the active area towards the edge of the device. If the separation and the depth of the p+ rings 1 are carefully 
controlled, the potential lines drop relatively unifonnly at the surface between the p+ rings, or between the last p+ ring 
and the field plate 6. and the breakdown voltage can be close to its ideal value. The termination is said to be successful 
if It can achieve a breakdown voltage of more than 90% of the bulk value. 

[0005] The presence of parasitic charge in the passivation layer 3 in the termination area has a strong influence on 
the depletion layer at the surface, since this charge influences the charge in the depletion layer. It is, therefore apparent 
that the higher the doping of the n- base 2. the less severe the effect of the charge is, since the parasitic charge in the 
passivation layer 3 may not be sufficient to affect the charge equilibrium at the surface of the device. Hence the effect 
of the charge is more pronounced in devices rated at higher voltages. A negative charge in the oxide or passivation 
layer causes a positive charge layer made of holes to form at the surface in the termination area, which positive charge 
pushes the potential lines away from the main surface, thus forcing the entire potential to drop at the very edge of the 
device next to the field plate 6. In other words, each ring 1 does not support effectively part of the breakdown voltage 
A positive charge in the oxide or the passivation layer results in an accumulation of electrons at the main surface in the 
termination area. This tends to retard the spreading and the growth of the depletion layer in between the p+ rings 1 
which further results in sharp electric field peaks at the p+ floating ring/n- surface junctions. This, in turn, leads to pre' 
mature breakdown. Therefore, charge of either polarity in the oxide or passivation layer can lower the rated breakdown 
voltage. 

[0006] The success of a controllable semiconductor device at high or ultra-high voltages is almost entirely deter- 
mined by a successful implementation of the edge temnination. There are three main reasons which make the termina- 
tion problem more difficult as the voltage ratings increase. Rrstly. the number of floating rings increases significantly, 
and thus the wasted area and the ratio between the wasted area and the active area increases. This results in a poorer 
yield and a higher on-state voltage. Secondly, as the voltage increases, and accordingly the doping concentration of the 
base decreases, the device is more prone to parasitic field charge or passivation charge effects, which may cause pre- 
mature breakdown. Thirdly, as the number of rings increases, the control of the depth and spacing between the rings 
becomes even tighter than that for a relatively-lower voltage termination, and therefore the termination effectiveness is 
very susceptible to process variations. 

[OOOT] The aim of the invention is to provide a semiconductor device having an edge termination structure which 
ha= a substantially reduced parasitic charge In the passivation layer. 

[0008] The present invention provides a semiconductor device comprising an active area with a voltage termination 
structure located adjacent to the active area at an edge portion of the device, the edge portion comprising a substrate 
region of a first semiconductor type, wherein the voltage termination structure comprises at least one firet termination 
region of a second semiconductor type, the or each first termination region having at least one of either second and 
third termination regions of third and fourth semiconductor types located at substantially opposing edges thereof the 
second and third termination regions respectively having a higher semiconductor doping concentration than the edge 
portion substrate region and a lower semiconductor doping concentration than the first termination region(s) 
[0009] Advantageously the edge portion surrounds the active area, the three termination regions of the voltage ter- 
mination structure extending around the edge portion, and preferably the three termination regions are formed as rings 
substantially sun-ounding the active area. The three termination regions may be provided in the region of an upper sur- 
face of the edge portion substrate region, the upper edges of the three termination regions being in alignment with one 
another, and adjacent to the upper surface of the edge portion substrate region. 

[0010] Preferably, the or each first termination region extends deeper Into the edge portion substrate region than 
the second and third termination regions. 

[0011] Conveniently the second and third temnination regions of the voltage termination structure are implanted 
into the edge portion substrate region, and a passivation layer is provided over the upper surface of the edge portion 
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substrate region. Preferably, the passivation layer is an oxide layer. 

[0012] Tlie senniconductor device of the invention overcomes the problenn of parasitic charge in the passivation 

layer, and so reduces considerably the affect of this charge on the breakdown voltage of the device. . 

[0013] Advantageously, a channel stopper is provided at an extrenne edge of the edge portion substrate region, 

5 adjacent to the upper edge of the substrate region, and a field plate is provided above the channel stopper. 

[001 4] In a preferred embodiment, the edge portion substrate region is fonned of an n-type semiconductor material, 
and the or each first termination region is formed of a p-type semiconductor material. In this case, the second and third 
termination regions are formed of n-type material and p-type material, respectively, the p-type material having a lower 
doping concentration than the p-type material forming the first termination region(s). and the n-type material having a 

10 higher doping concentration than the n-type material forming the edge portion substrate region. Preferably, the first 
semiconductor type material is n- material, the second semiconductor type material is p+ material, the third semicon- 
ductor type material is n material and the fourth semiconductor type material is p material. 

[0015] The invention will now be described in greater detail, by way of example, with reference to the drawings, in 
which: - 

15 

Figure 1 is a sectional view of a known edge termination structure of a high voltage semiconductor device; 
Figure 2 is a sectional view of an edge termination structure of a high voltage semiconductor device constructed in 
accordance with the invention; and 

Figure 3 is a graph showing the breakdown voltages for the edge termination structures of Figures 1 and 2. 

20 

[0016] Referring to the drawings, Figure 2 shows the edge termination structure of a high voltage semiconductor 
device, where the active area is not shown. As with the structure of Rgure 1 , the edge termination structure of the inven- 
tion includes a plurality of p+ floating rings 1 1 formed in a n- drift (base) layer 12. the rings surrounding the active area. 
The rings 1 1 are formed just below a passivation layer in the fonn of a surface field oxide layer 13 in general alignment 
25 with a p- base 14 and a cathode 15 of the active area. At the extreme edge, the tennlnation structure has a field plate 
1 6 and a channel stopper 1 7. 

[0017] Respective additional n and p shallow rings 11a and 1 lb are formed on opposite sides of each of the main 
p+ floating rings 1 1 . These rings 1 la and 1 lb have a lower doping concentration than that of the p+ rings 1 1 , but a 
higher doping concentration than that of the n- drift layer 12 such that, at the breakdown voltage, either the p rings 1 1 a 

30 or the n rings 11 b are fully depleted. If no charge is present, it is possible that both the p rings 1 1 a and the n rings 1 1 b 
are depleted, hence further enhancing the effectiveness of the termination. If a parasitic negative charge is present in 
the oxide layer 1 3, the n rings 1 1 b stop the formation of hole channels between adjacent p-t- rings 1 1 , and allow effective 
drop of the potential lines between the p+ rings. In this case, the n rings 1 lb are fully depleted. If a positive charge is 
present in the oxide layer 1 3, the p rings 1 1 a obstruct the fomriation of the abrupt n+ (electron layer) /p ring junction that 

35 would occur in the conventional case, and therefore eliminates the high electric field peaks at the surface. In other 
words, each of the p rings 11a depletes entirely, and allows a smoother transition of the electric field from the n- drift 
layer 1 2 into the p-i- rings 1 1 . In case the polarity of the charge is known, the termination may Include only one set of the 
rings 11a and lib. For a negative charge, the n rings 1 lb are needed; and, for a positive charge, the p rings 1 ia are 
needed. 

40 [0018] Such a termination technique was simulated on a 1.4kV Trench IGBT device (TIGBT), but could be used for 
any class of TIGBT, for which there already exists an optimised geometry for field ring spacings, where no charge is 
present in the oxide. The presented technique successfully overcame the problem of severe deterioration of the 
device's breakdown characteristic, when there was either negative or positive charge in the oxide. The presence of 
charge has a strong influence on the depletion layer spreading at.the surface, because this charge complemented the 

45 charge in the depletion layer. A negative surface charge caused a positive charge layer of holes to form at the surface, 
which layer pushed the potential lines away from the main surface, resulting in an accumulation of potential lines at the 
very edge of the device. Therefore, each ring did not effectively support part of the breakdown voltage. A positive 
charge tended to retard the spreading of the depletion layer, and resulted in an accumulation of electrons at the surface, 
which had the effect of increased pressure on the p+/n surface junction, resulting in a premature breakdown. This dem- 

50 onstrated that parasitic charge of either polarity, in the oxide, could lower the breakdown voltage. 

[0019] In the case of a 1 .4kV TIGBT, the optimum field ring spacings were detenmined for the case of having no 
charge In the oxide. The simulated breakdown voltage, for this case, was 1580V. When charge of either polarity was 
present in the oxide, the breakdown voltage deteriorated considerably. The values of breakdown voltage (Vbr) for differ- 
ent charges are given in the table below. 
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Charge-lel2 -Sell No Charge +5ell +lel2 
Vbr 1180V 1 1 OOV 1 580V 1500V 870V 
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[0020] In order to reduce the influence of the negative interface charge, a continuous shallow (Imicron) n-implant 
was provided between the first and the last p+ ring. This resulted In an increased breakdown voltage when compared 
with a device having no additional implant. Unfortunately, this n-implant had a negative influence on the breakdown volt- 
age when a positive charge in the oxide was present. Accordingly, this method could only be used in the case where 
the value and sign of the Interface charge had already been determined. A trade-off can be achieved when a selective 
n-implant is perfomned through the mask, so that it helps to reduce the influence of the negative charge on the break- 
down voltage, and not greatly to deteriorate the breakdown characteristics, if there is a positive interface charge. Differ- 
ent placement of this shallow n-implant, when simulated, had a different influence on the breakdown voltage, and as 
expected, the best placement of the n-islands was found to be on the side of the p+ field ring which is closer to the active 
area (the right-hand side in Figure 2). The mask openings were found to be dependent on the spacing between the two 
adjacent p-K rings. The spacing was chosen so as to be large enough to complement the charge in the oxide, and on 
the other hand, small enough not greatly to deteriorate the breakdown characteristic, in the case of a positive interface 
charge. However, if, together with the shallow n-ring implanted on the side of the p+ ring which is closer to the active 
area (the right-hand side in Figure 2). there is also provided a shallow, lowly-doped p-implant (2 microns. 1e16) on the 
other side of the p+ field ring, the breakdown voltage was found to be little affected by the presence of either positive or 
negative charge in the oxide. 

[0021] Figure 3 is a graph showing the breakdown voltage forthe termination structure of structure of Figure 1 com- 
pared with that of Figure 2 against the charge level in the field oxide layer 3, 1 3 for a 1 .4 kV IGBT. curve A being repre- 
sentative of the known termination structure, and cun/e B being representative of that described' above with reference 
to Figure 2. As will be seen, the rings 11 a and 1 1 b optimise the p+ rings 1 1 to give a breakdown voltage of around 1 6 
kV. In the case of the known termination structure Illustrated In curve A, both a positive sweep and a negative sweep in 
the oxide layer 3 results In a very significant degradation of the breakdown capability. In contrast, the termination struc- 
ture of Rgure 2 results in a variation of the breakdown voltage with the parasitic charge which, although present is far 
less significant than that which is prevalent in the case of the conventional termination structure of Figure 1 . 
[0022] It will be apparent that modifications could be made to the semiconductor device described above. For 
example, in some cases, the termination structure could have a single floating ring 11. Moreover, the or each ring 11 
need not be circular in form, any suitable configuration being possible. It is also possible for the rlng(s) 1 1 to extend only 
partially around the associated active area. 



Claims 



A semiconductor device comprising an active area with a voltage termination structure located adjacent to the 
active area at an edge portion of the device, the edge portion comprising a substrate region of a first semiconductor 
type, wherein the voltage termination structure comprises at least one first termination region of a second semicon- 
ductor type, the or each first temiination region having at least one of either second and third termination regions 
of third and fourth semiconductor types located at substantially opposing edges thereof, the second and third ter- 
mination regions respectively having a higher semiconductor doping concentration than the edge portion substrate 
region and a lower semiconductor doping concentration than the first temiination region(s). 

A semiconductor device according to claim 1 , wherein the edge portion surrounds the active area, the three termi- 
nation regions of the voltage termination structure extending around the edge portion. 

3. A semiconductor device according to claim 2. wherein the three termination regions are found as rings substantially - 
surrounding the active area. 

4. A semiconductor device according to any preceding claim, wherein the three termination regions are provided in 
55 the region of an upper surface of the edge portion substrate region. 

5. A semiconductor device according to claim 4. wherein the upper edges of the three termination regions are In align- 
ment with one another. 
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6. A semiconductor device according to claim 4 or claim 5, wherein the upper edges of the three termination regions 
are adjacent to the upper surface of the edge portion substrate region. 

7. A semiconductor device according to claim 5 or claim 6, wherein the or each first termination region extends deeper 
5 • into the edge portion substrate region than the second and third termination regions. 

8. A semiconductor device according to any preceding claim, wherein the second and third termination regions of the 
voltage temnination structure are implanted into the edge portion substrate region. 

10 9. A semiconductor device according to any preceding claim, wherein a passivation layer is provided over the upper 
surface of the edge portion substrate region. 

10. A semiconductor device according to claim 9, wherein the passivation layer is an oxide layer. 

15 11. A semiconductor device according to any preceding claim, wherein a channel stopper is provided at an extreme 
edge of the edge portion substrate region, adjacent to the upper edge of the substrate region. 

12. A semiconductor device according to claim 1 1 , wherein a field plate is provided above the channel stopper. 

20 13. A semiconductor device according to any preceding claim, wherein the edge portion substrate region is formed of 
an n-type semiconductor material, and the or each first termination region is formed of a p-type semiconductor 
material. 

A semiconductor device according to claim 13, wherein the second and third termination regions are formed of n- 
type material and p-type material, respectively, the p-type material having a lower doping concentration than the p- 
type material fomiing the first termination region(s), and the n-type material having a higher doping concentration 
than the n-type material forming the edge portion substrate region. 

15. A semiconductor device according to claim 14, wherein the first semiconductor type material is n- material, the see- 
so ond semiconductor type material is p+ material, the third semiconductor type material is n material and the fourth 

semiconductor type material is p material. 

16. A semiconductor device according to any preceding claim, wherein the device performs as a diode, a DMOSFET, 
a DMOS, IGBT, a MOSFET, a trench IGBT, or an MOS controllable power device. 

35 

17. A semiconductor device constructed and arranged substantially as hereinbefore described with reference to Fig- 
ures 2 and 3 of the drawings. 
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(54) High voltage semiconductor device 

(57) A semiconductor device comprises an active 
area v^^ith a voltage termination structure located adja- 
cent to the active area at an edge portion of the device. 
The edge portion comprises a substrate region (12) of 
a first semiconductor type. The voltage termination 
structure comprises at least one first termination region 
(11) of a second semiconductor type, the or each first 



termination region having at least one of either second 
and third temnination regions (11a, lib) of third and 
fourth semiconductor types located at substantially op- 
posing edges thereof. The second and third termination 
regions (11a, 11b) respectively have a higher semicon- 
ductor doping concentration than the edge portion sub- 
strate region (12) and a lower semiconductor doping 
concentration than the first temnination region(s) (11). 
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